
pogil cellular communication

pogil cellular communication is an educational approach designed to enhance understanding of
cellular communication processes through interactive, inquiry-based learning. This method uses
Process Oriented Guided Inquiry Learning (POGIL) to engage students in critical thinking and
collaborative problem-solving related to cellular signaling pathways, molecular interactions, and
signal transduction mechanisms. By focusing on pogil cellular communication, learners can gain a
deeper comprehension of how cells communicate in various biological contexts, including hormonal
signaling, nervous system function, and immune responses. This article explores the fundamental
concepts of cellular communication, the role of pogil activities in education, and the practical
applications of these processes in health and disease. Additionally, it discusses key molecular players
involved in signal transmission and the importance of feedback mechanisms. The following sections
provide a detailed overview of pogil cellular communication, its educational benefits, and the
biological significance of cell signaling.

Understanding Cellular Communication

The Role of POGIL in Teaching Cellular Communication

Key Components of Cellular Signaling

Signal Transduction Pathways

Applications of Cellular Communication in Medicine

Challenges and Future Directions in Cellular Communication Education

Understanding Cellular Communication
Cellular communication is a fundamental biological process that allows cells to detect and respond to
external and internal signals. This communication is essential for coordinating various physiological
functions, including growth, differentiation, immune responses, and homeostasis. Effective cellular
communication relies on the transmission of signals through chemical messengers such as hormones,
neurotransmitters, and cytokines. These signals are recognized by specific receptors on the target
cell's surface or within the cell, initiating a cascade of intracellular events.

Types of Cellular Signaling
Cellular communication can be categorized into several types based on the proximity of interacting
cells and the nature of the signaling molecules. The main types include:

Autocrine signaling: Cells respond to signals they produce themselves, regulating their own
activity.



Paracrine signaling: Signals affect nearby cells within the local environment.

Endocrine signaling: Hormones travel through the bloodstream to distant target cells.

Synaptic signaling: Occurs in the nervous system where neurotransmitters cross synapses to
stimulate adjacent neurons or muscle cells.

Importance of Cellular Communication
Accurate cellular communication is vital for maintaining organismal health and function. Disruptions in
signaling pathways can lead to diseases such as cancer, diabetes, and autoimmune disorders.
Understanding the mechanisms of cell communication provides insights into therapeutic targets and
drug development, emphasizing its significance in biomedical research.

The Role of POGIL in Teaching Cellular Communication
POGIL, or Process Oriented Guided Inquiry Learning, is an instructional method that fosters active
engagement and collaborative learning. In the context of cellular communication, pogil activities
guide students through structured inquiry, prompting them to analyze data, construct models, and
apply concepts to real-world scenarios. This approach enhances comprehension of complex biological
systems by encouraging exploration and critical thinking rather than passive memorization.

Benefits of POGIL in Biology Education
Implementing pogil cellular communication activities offers several educational advantages:

Improved conceptual understanding: Students develop a deeper grasp of cellular processes
through hands-on investigation.

Enhanced problem-solving skills: Collaborative tasks challenge learners to think analytically
and reason logically.

Increased retention: Active participation helps solidify knowledge for long-term recall.

Development of scientific skills: Learners practice hypothesis formation, data interpretation,
and evidence-based reasoning.

Examples of POGIL Activities in Cellular Communication
Typical pogil exercises may include analyzing signaling pathways, predicting outcomes of receptor
mutations, or modeling feedback loops. These activities are designed to align with learning objectives
and stimulate inquiry about how cells process and respond to signals.



Key Components of Cellular Signaling
Understanding pogil cellular communication requires familiarity with the molecular components
involved in signal transmission. These components work in concert to detect, relay, and amplify
signals within and between cells, ensuring precise regulation of cellular functions.

Receptors
Receptors are proteins located on the cell surface or inside the cell that recognize specific signaling
molecules. They act as molecular sensors and initiate intracellular responses upon ligand binding.
Common receptor types include G protein-coupled receptors (GPCRs), receptor tyrosine kinases
(RTKs), and ion channel receptors.

Second Messengers
Second messengers are small intracellular molecules that propagate signals from membrane-bound
receptors to target molecules inside the cell. Examples include cyclic AMP (cAMP), calcium ions
(Ca2+), and inositol triphosphate (IP3). These messengers amplify the signal and help coordinate
complex cellular responses.

Effector Proteins
Effector proteins carry out the cellular response to a signal. These can be enzymes that alter
metabolic pathways, transcription factors that regulate gene expression, or cytoskeletal proteins that
modify cell shape and motility.

Signal Transduction Pathways
Signal transduction pathways are series of molecular events triggered by receptor activation. These
pathways convert extracellular signals into specific intracellular actions, enabling cells to respond
appropriately to their environment. The pathways often involve multiple steps and feedback
regulation to ensure accuracy and adaptability.

Common Signal Transduction Pathways
Several well-characterized pathways illustrate the principles of cellular communication:

MAPK/ERK Pathway: Regulates cell growth and differentiation through a kinase cascade.

PI3K/Akt Pathway: Controls survival and metabolism, often implicated in cancer.

JAK/STAT Pathway: Mediates responses to cytokines and growth factors, critical for immune
regulation.



Wnt Signaling Pathway: Involved in development and stem cell maintenance.

Feedback and Regulation
Signal transduction is tightly regulated by feedback mechanisms that modulate pathway activity.
Negative feedback loops prevent overactivation, while positive feedback can amplify signals for
robust responses. Such regulation maintains cellular homeostasis and prevents aberrant signaling.

Applications of Cellular Communication in Medicine
Insights gained from studying pogil cellular communication have significant implications for medical
science. Understanding how cells communicate enables the development of targeted therapies and
diagnostic tools for various diseases.

Cancer Treatment
Many cancers result from dysregulated cellular signaling pathways. Targeted therapies that inhibit
overactive receptors or signaling molecules have revolutionized cancer treatment, improving patient
outcomes and reducing side effects.

Autoimmune and Inflammatory Disorders
Modulating immune cell communication through cytokine signaling pathways is a strategy to manage
autoimmune diseases and chronic inflammation. Drugs that block specific signaling proteins can
alleviate symptoms and prevent tissue damage.

Neurodegenerative Diseases
Research into neuronal communication and synaptic signaling informs approaches to treat conditions
like Alzheimer's and Parkinson's disease. Restoring or protecting cellular communication pathways is
a key therapeutic goal.

Challenges and Future Directions in Cellular
Communication Education
Despite the advantages of pogil cellular communication approaches, challenges remain in effectively
integrating these methods into diverse educational settings. Adapting materials for different learning
levels, providing adequate instructor training, and assessing learning outcomes are critical
considerations.



Incorporating Technology
Advances in educational technology offer opportunities to enhance pogil activities through
simulations, interactive models, and virtual laboratories. These tools can make complex cellular
communication concepts more accessible and engaging.

Expanding Interdisciplinary Connections
Future educational strategies may emphasize the integration of cellular communication with systems
biology, bioinformatics, and clinical applications. This interdisciplinary focus can prepare students for
careers in biomedical research and healthcare.

Frequently Asked Questions

What is POGIL in the context of cellular communication?
POGIL stands for Process Oriented Guided Inquiry Learning, an instructional approach that uses
guided inquiry and collaborative learning to help students understand complex topics like cellular
communication.

How does POGIL enhance learning about cellular
communication?
POGIL enhances learning by engaging students in active problem-solving and group discussions,
which promotes deeper understanding of cellular communication mechanisms such as signal
transduction and receptor functions.

What are the key components of cellular communication
studied in a POGIL activity?
Key components include signal molecules, receptors, signal transduction pathways, second
messengers, and cellular responses, all of which are explored through guided inquiry in POGIL
activities.

Why is cellular communication important in biological
systems?
Cellular communication is crucial because it allows cells to coordinate responses, maintain
homeostasis, and regulate processes such as growth, immune responses, and development.

Can POGIL be used to teach both prokaryotic and eukaryotic
cellular communication?
Yes, POGIL activities can be designed to cover cellular communication in both prokaryotic systems



(like quorum sensing) and eukaryotic systems (such as hormone signaling).

What role do receptors play in cellular communication as
covered in POGIL exercises?
Receptors detect signaling molecules and initiate cellular responses; POGIL exercises often guide
students to explore receptor types, specificity, and the activation of signaling pathways.

How does POGIL promote collaboration in learning about
cellular communication?
POGIL structures learning into small groups where students collectively solve problems and discuss
concepts, fostering teamwork and a shared understanding of cellular communication processes.

What types of activities are included in a POGIL cellular
communication lesson?
Activities typically include analyzing signaling pathways, interpreting experimental data, constructing
flow charts of communication processes, and answering guided questions to build conceptual
knowledge.

How can understanding cellular communication through
POGIL benefit students in advanced biology courses?
Understanding cellular communication via POGIL prepares students for advanced topics like molecular
biology and pharmacology by developing critical thinking, problem-solving skills, and a strong
conceptual foundation.

Additional Resources
1. POGIL Activities for Cellular Communication
This book offers a collection of Process-Oriented Guided Inquiry Learning (POGIL) activities focused on
cellular communication. It guides students through the fundamental concepts of cell signaling,
receptor functions, and signal transduction pathways. Each activity encourages collaborative learning
and critical thinking, making complex topics accessible and engaging.

2. Understanding Cell Signaling Through POGIL
Designed for biology educators, this resource integrates POGIL strategies to teach cellular
communication mechanisms. It covers essential topics such as ligand-receptor interactions, second
messengers, and the regulation of cellular responses. The book emphasizes active learning and helps
students develop a deep understanding of cellular communication.

3. Cell Communication and Signal Transduction: POGIL Approaches
This title presents a series of guided inquiry activities that explore the intricate processes of signal
transduction in cells. Students are led to discover how signals are received, processed, and result in
specific cellular outcomes. The book is ideal for undergraduate courses in cell biology and
biochemistry.



4. Interactive Learning in Cellular Communication: POGIL Methods
This volume focuses on interactive exercises that promote student engagement with the topic of
cellular communication. It introduces key concepts such as autocrine, paracrine, and endocrine
signaling, along with intracellular signaling cascades. The activities are designed to foster teamwork
and enhance comprehension through hands-on learning.

5. Process-Oriented Guided Inquiry Learning in Cell Biology: Communication and Signaling
This comprehensive guide integrates POGIL activities into the study of cellular communication and
signaling pathways. It includes detailed models and diagrams to support student exploration of
receptor types, signal amplification, and feedback mechanisms. The book supports instructors in
creating an active learning environment.

6. Signal Transduction Pathways Explored with POGIL
Focusing on signal transduction pathways, this book uses POGIL to break down complex biochemical
processes into manageable learning segments. Students analyze pathways such as MAP kinase,
cAMP, and calcium signaling in a collaborative setting. The approach encourages critical thinking and
application of knowledge to real-world biological problems.

7. Cellular Communication Networks: A POGIL Workbook
This workbook provides structured POGIL activities that map out various cellular communication
networks. It guides students through understanding how cells coordinate responses through a variety
of signaling molecules and receptors. The exercises help reinforce concepts of specificity, sensitivity,
and integration in cell signaling.

8. Active Learning in Cell Signaling: POGIL Strategies and Activities
This resource offers a suite of active learning exercises focused on cell signaling, designed to be used
with POGIL pedagogy. Key topics include receptor-ligand binding, signal transduction cascades, and
cellular responses. The book aims to improve student engagement and mastery of complex biological
communication systems.

9. Exploring Cellular Communication with POGIL: A Guide for Students and Educators
This guidebook provides both instructors and students with POGIL-based activities centered on
cellular communication concepts. It encourages inquiry and collaboration to understand how cells
communicate and respond to their environment. The resource is suitable for high school and
undergraduate biology courses aiming to deepen conceptual understanding.
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theoretical concepts to real-world biological processes? This ebook provides a clear, concise, and
engaging approach to understanding cellular communication, transforming your frustration into a
confident mastery of the subject.

This ebook, POGIL Activities for Cellular Communication, by Dr. Anya Sharma, will equip you with
the knowledge and practical tools to navigate the world of cell signaling with ease.

Contents:

Introduction: What is Cellular Communication? The Importance of Cell Signaling.
Chapter 1: Direct Cell-Cell Communication (Gap Junctions and Plasmodesmata).
Chapter 2: Indirect Cell-Cell Communication (Local and Long-Distance Signaling).
Chapter 3: Signal Transduction Pathways (Receptor Types and Second Messengers).
Chapter 4: Key Signaling Pathways (Examples: G-protein coupled receptors, RTKs, etc.).
Chapter 5: Cellular Responses and Regulation of Signal Transduction.
Chapter 6: Dysregulation of Cellular Communication and Disease.
Conclusion: Putting it All Together and Future Directions.

---

POGIL Activities for Cellular Communication: A Deep
Dive

Introduction: What is Cellular Communication? The
Importance of Cell Signaling.

Cellular communication, the intricate dance of molecular signals between cells, is the bedrock of all
biological processes. From the simplest single-celled organism to the most complex multicellular life
forms, cells constantly communicate to coordinate their actions, respond to their environment, and
maintain overall organismal homeostasis. Without efficient cell-to-cell communication, life as we
know it would be impossible. This introduction sets the stage, defining cellular communication and
highlighting its crucial role in various biological contexts, including development, immunity, and
homeostasis. It will emphasize the importance of understanding the underlying mechanisms for
grasping the complexity of life itself. We'll explore different types of cellular communication and
introduce the key players involved, laying the groundwork for a deeper understanding in subsequent
chapters. This section will also introduce the POGIL (Process-Oriented Guided-Inquiry Learning)
approach and how it will be utilized throughout the book to facilitate active learning and knowledge
retention.



Chapter 1: Direct Cell-Cell Communication (Gap Junctions and
Plasmodesmata)

Direct cell-to-cell communication involves the direct physical connection between cells, facilitating
rapid and efficient signal transmission. This chapter will delve into two primary mechanisms: gap
junctions in animal cells and plasmodesmata in plant cells. We'll explore their structural features,
the types of molecules they allow to pass, and their specific roles in coordinating cellular activities.
Examples will include how gap junctions facilitate rapid electrical signaling in cardiac muscle and
how plasmodesmata enable coordinated growth and development in plants. The POGIL activities will
focus on comparing and contrasting these two mechanisms, identifying similarities and differences
in their structure and function. Students will analyze data and interpret experimental results to
solidify their understanding of direct cell-cell communication.

Chapter 2: Indirect Cell-Cell Communication (Local and Long-
Distance Signaling)

The majority of cellular communication occurs indirectly, involving the release of signaling
molecules that travel to target cells. This chapter will differentiate between local signaling
(paracrine, autocrine, juxtacrine) and long-distance signaling (endocrine). We will examine specific
examples of each, focusing on the mechanisms of signal release, transport, and reception. The
intricacies of ligand-receptor interactions will be explored in detail, emphasizing the specificity and
affinity of these interactions. We’ll also examine the role of different extracellular matrix
components in influencing local signaling. POGIL activities will center around analyzing case studies
of different signaling types, predicting the outcomes of manipulating signaling molecules, and
designing experiments to investigate signaling pathways.

Chapter 3: Signal Transduction Pathways (Receptor Types and
Second Messengers)

Signal transduction pathways are the intricate molecular cascades that transmit signals from the cell
surface to the interior, triggering cellular responses. This chapter will focus on the different types of
receptors (ion channel-linked, G protein-coupled receptors, enzyme-linked receptors) and their
downstream signaling pathways. We’ll explore the roles of second messengers (cAMP, IP3, Ca2+) in
amplifying and diversifying cellular responses. The importance of phosphorylation cascades and
protein kinases will be highlighted. POGIL activities will involve constructing and interpreting
signaling pathways, predicting the effects of mutations in pathway components, and designing
experiments to elucidate the roles of different signaling molecules.



Chapter 4: Key Signaling Pathways (Examples: G-protein
coupled receptors, RTKs, etc.)

This chapter provides in-depth analyses of specific, well-characterized signaling pathways. This will
include a detailed look at G-protein coupled receptors (GPCRs), receptor tyrosine kinases (RTKs),
and other important pathways relevant to various biological processes. The chapter will explore the
specific molecular mechanisms involved in each pathway, highlighting their regulatory features and
the cellular responses they trigger. POGIL activities will focus on comparing and contrasting
different pathways, identifying common themes and variations, and applying their knowledge to
solve real-world problems.

Chapter 5: Cellular Responses and Regulation of Signal
Transduction

Cellular responses to signals are diverse and context-dependent. This chapter will cover the various
ways cells respond to signals, including changes in gene expression, enzyme activity, cell shape, and
movement. We'll explore the crucial mechanisms that regulate signal transduction, including
feedback loops, protein degradation, and receptor desensitization. The importance of these
regulatory mechanisms in maintaining cellular homeostasis and preventing aberrant signaling will
be discussed. POGIL activities will involve analyzing data on cellular responses, designing
experiments to test hypotheses about regulatory mechanisms, and interpreting the impact of
dysregulation on cellular function.

Chapter 6: Dysregulation of Cellular Communication and
Disease

Aberrant cell signaling is a hallmark of many diseases, including cancer, diabetes, and autoimmune
disorders. This chapter explores how dysregulation of cellular communication contributes to the
pathogenesis of these diseases, focusing on specific examples and illustrating how alterations in
signaling pathways can lead to disease phenotypes. We will delve into how these insights are being
utilized for therapeutic interventions. POGIL activities will involve analyzing case studies of diseases
linked to signaling dysregulation, proposing potential therapeutic strategies, and evaluating the
effectiveness of different treatment approaches.

Conclusion: Putting it All Together and Future Directions



This concluding chapter will summarize the key concepts discussed throughout the book,
emphasizing the interconnectedness of different signaling pathways and the crucial role of cellular
communication in maintaining health and disease. We will also highlight emerging areas of research
in cellular communication and the potential for future discoveries in this rapidly evolving field.

---

FAQs

1. What is the difference between direct and indirect cell signaling? Direct signaling involves direct
physical contact, while indirect utilizes signaling molecules.

2. What are second messengers and why are they important? Second messengers amplify and
diversify signals within a cell.

3. How do G-protein coupled receptors work? GPCRs activate G proteins, leading to various
downstream effects.

4. What are the roles of receptor tyrosine kinases (RTKs)? RTKs trigger phosphorylation cascades
and diverse cellular responses.

5. How is cell signaling regulated? Regulation involves feedback loops, protein degradation, and
receptor desensitization.

6. How does dysregulation of cell signaling cause disease? Aberrant signaling can lead to
uncontrolled cell growth, inflammation, and other pathologies.

7. What are some examples of diseases caused by signaling dysregulation? Cancer, diabetes,
autoimmune disorders.

8. What are some therapeutic approaches targeting cell signaling pathways? Targeted therapies
often involve inhibiting specific kinases or other pathway components.

9. What are the future directions in cellular communication research? Focus on new signaling
molecules, pathway interactions, and therapeutic applications.

---

Related Articles:

1. The Role of Calcium in Cellular Signaling: Explores the diverse roles of calcium ions as a crucial
second messenger.



2. G-protein Coupled Receptors: Structure and Function: A detailed look at the structure and
activation mechanisms of GPCRs.

3. Receptor Tyrosine Kinases in Cancer: Discusses the role of RTKs in cancer development and
potential therapeutic targets.

4. Signaling Pathways in Immune Cell Activation: Focuses on the signaling mechanisms involved in
immune responses.

5. The Importance of Feedback Loops in Signal Transduction: Details the various feedback
mechanisms regulating signaling pathways.

6. Dysregulation of Wnt Signaling in Cancer: Examines the role of Wnt signaling in cancer and its
therapeutic implications.

7. The Notch Signaling Pathway in Development: Explores the role of Notch signaling in
developmental processes.

8. Hedgehog Signaling Pathway and its Role in Development and Disease: Explores the roles of this
pathway in development and its dysregulation in disease.

9. Advances in Targeting Cell Signaling Pathways for Therapeutic Applications: Provides an
overview of recent advances in developing targeted therapies for various diseases.

  pogil cellular communication: POGIL Shawn R. Simonson, 2023-07-03 Process Oriented
Guided Inquiry Learning (POGIL) is a pedagogy that is based on research on how people learn and
has been shown to lead to better student outcomes in many contexts and in a variety of academic
disciplines. Beyond facilitating students’ mastery of a discipline, it promotes vital educational
outcomes such as communication skills and critical thinking. Its active international community of
practitioners provides accessible educational development and support for anyone developing
related courses.Having started as a process developed by a group of chemistry professors focused
on helping their students better grasp the concepts of general chemistry, The POGIL Project has
grown into a dynamic organization of committed instructors who help each other transform
classrooms and improve student success, develop curricular materials to assist this process, conduct
research expanding what is known about learning and teaching, and provide professional
development and collegiality from elementary teachers to college professors. As a pedagogy it has
been shown to be effective in a variety of content areas and at different educational levels. This is an
introduction to the process and the community.Every POGIL classroom is different and is a
reflection of the uniqueness of the particular context – the institution, department, physical space,
student body, and instructor – but follows a common structure in which students work cooperatively
in self-managed small groups of three or four. The group work is focused on activities that are
carefully designed and scaffolded to enable students to develop important concepts or to deepen and
refine their understanding of those ideas or concepts for themselves, based entirely on data provided
in class, not on prior reading of the textbook or other introduction to the topic. The learning
environment is structured to support the development of process skills –– such as teamwork,
effective communication, information processing, problem solving, and critical thinking. The
instructor’s role is to facilitate the development of student concepts and process skills, not to simply
deliver content to the students. The first part of this book introduces the theoretical and
philosophical foundations of POGIL pedagogy and summarizes the literature demonstrating its
efficacy. The second part of the book focusses on implementing POGIL, covering the formation and



effective management of student teams, offering guidance on the selection and writing of POGIL
activities, as well as on facilitation, teaching large classes, and assessment. The book concludes with
examples of implementation in STEM and non-STEM disciplines as well as guidance on how to get
started. Appendices provide additional resources and information about The POGIL Project.
  pogil cellular communication: Biology for AP ® Courses Julianne Zedalis, John Eggebrecht,
2017-10-16 Biology for AP® courses covers the scope and sequence requirements of a typical
two-semester Advanced Placement® biology course. The text provides comprehensive coverage of
foundational research and core biology concepts through an evolutionary lens. Biology for AP®
Courses was designed to meet and exceed the requirements of the College Board’s AP® Biology
framework while allowing significant flexibility for instructors. Each section of the book includes an
introduction based on the AP® curriculum and includes rich features that engage students in
scientific practice and AP® test preparation; it also highlights careers and research opportunities in
biological sciences.
  pogil cellular communication: Preparing for the Biology AP Exam Neil A. Campbell, Jane
B. Reece, Fred W. Holtzclaw, Theresa Knapp Holtzclaw, 2009-11-03 Fred and Theresa Holtzclaw
bring over 40 years of AP Biology teaching experience to this student manual. Drawing on their rich
experience as readers and faculty consultants to the College Board and their participation on the AP
Test Development Committee, the Holtzclaws have designed their resource to help your students
prepare for the AP Exam. Completely revised to match the new 8th edition of Biology by Campbell
and Reece. New Must Know sections in each chapter focus student attention on major concepts.
Study tips, information organization ideas and misconception warnings are interwoven throughout.
New section reviewing the 12 required AP labs. Sample practice exams. The secret to success on the
AP Biology exam is to understand what you must know and these experienced AP teachers will guide
your students toward top scores!
  pogil cellular communication: POGIL Activities for AP Biology , 2012-10
  pogil cellular communication: Molecular Biology of the Cell , 2002
  pogil cellular communication: Anatomy and Physiology J. Gordon Betts, Peter DeSaix, Jody
E. Johnson, Oksana Korol, Dean H. Kruse, Brandon Poe, James A. Wise, Mark Womble, Kelly A.
Young, 2013-04-25
  pogil cellular communication: The Core Concepts of Physiology Joel Michael, William Cliff,
Jenny McFarland, Harold Modell, Ann Wright, 2017-02-20 This book offers physiology teachers a
new approach to teaching their subject that will lead to increased student understanding and
retention of the most important ideas. By integrating the core concepts of physiology into individual
courses and across the entire curriculum, it provides students with tools that will help them learn
more easily and fully understand the physiology content they are asked to learn. The authors present
examples of how the core concepts can be used to teach individual topics, design learning resources,
assess student understanding, and structure a physiology curriculum.
  pogil cellular communication: Flip Your Classroom Jonathan Bergmann, Aaron Sams,
2012-06-21 Learn what a flipped classroom is and why it works, and get the information you need to
flip a classroom. You’ll also learn the flipped mastery model, where students learn at their own pace,
furthering opportunities for personalized education. This simple concept is easily replicable in any
classroom, doesn’t cost much to implement, and helps foster self-directed learning. Once you flip,
you won’t want to go back!
  pogil cellular communication: Teaching and Learning STEM Richard M. Felder, Rebecca
Brent, 2024-03-19 The widely used STEM education book, updated Teaching and Learning STEM: A
Practical Guide covers teaching and learning issues unique to teaching in the science, technology,
engineering, and math (STEM) disciplines. Secondary and postsecondary instructors in STEM areas
need to master specific skills, such as teaching problem-solving, which are not regularly addressed
in other teaching and learning books. This book fills the gap, addressing, topics like learning
objectives, course design, choosing a text, effective instruction, active learning, teaching with
technology, and assessment—all from a STEM perspective. You’ll also gain the knowledge to



implement learner-centered instruction, which has been shown to improve learning outcomes across
disciplines. For this edition, chapters have been updated to reflect recent cognitive science and
empirical educational research findings that inform STEM pedagogy. You’ll also find a new section
on actively engaging students in synchronous and asynchronous online courses, and content has
been substantially revised to reflect recent developments in instructional technology and online
course development and delivery. Plan and deliver lessons that actively engage students—in person
or online Assess students’ progress and help ensure retention of all concepts learned Help students
develop skills in problem-solving, self-directed learning, critical thinking, teamwork, and
communication Meet the learning needs of STEM students with diverse backgrounds and identities
The strategies presented in Teaching and Learning STEM don’t require revolutionary time-intensive
changes in your teaching, but rather a gradual integration of traditional and new methods. The
result will be a marked improvement in your teaching and your students’ learning.
  pogil cellular communication: Teaching at Its Best Linda B. Nilson, 2010-04-20 Teaching at
Its Best This third edition of the best-selling handbook offers faculty at all levels an essential toolbox
of hundreds of practical teaching techniques, formats, classroom activities, and exercises, all of
which can be implemented immediately. This thoroughly revised edition includes the newest portrait
of the Millennial student; current research from cognitive psychology; a focus on outcomes maps;
the latest legal options on copyright issues; and how to best use new technology including wikis,
blogs, podcasts, vodcasts, and clickers. Entirely new chapters include subjects such as matching
teaching methods with learning outcomes, inquiry-guided learning, and using visuals to teach, and
new sections address Felder and Silverman's Index of Learning Styles, SCALE-UP classrooms,
multiple true-false test items, and much more. Praise for the Third Edition of Teaching at Its
BestEveryone veterans as well as novices will profit from reading Teaching at Its Best, for it provides
both theory and practical suggestions for handling all of the problems one encounters in teaching
classes varying in size, ability, and motivation. Wilbert McKeachie, Department of Psychology,
University of Michigan, and coauthor, McKeachie's Teaching TipsThis new edition of Dr. Nilson's
book, with its completely updated material and several new topics, is an even more powerful
collection of ideas and tools than the last. What a great resource, especially for beginning teachers
but also for us veterans! L. Dee Fink, author, Creating Significant Learning ExperiencesThis third
edition of Teaching at Its Best is successful at weaving the latest research on teaching and learning
into what was already a thorough exploration of each topic. New information on how we learn, how
students develop, and innovations in instructional strategies complement the solid foundation
established in the first two editions. Marilla D. Svinicki, Department of Psychology, The University of
Texas, Austin, and coauthor, McKeachie's Teaching Tips
  pogil cellular communication: Process Oriented Guided Inquiry Learning (POGIL)
Richard Samuel Moog, 2008 POGIL is a student-centered, group learning pedagogy based on
current learning theory. This volume describes POGIL's theoretical basis, its implementations in
diverse environments, and evaluation of student outcomes.
  pogil cellular communication: ,
  pogil cellular communication: Anatomy & Physiology Lindsay Biga, Devon Quick, Sierra
Dawson, Amy Harwell, Robin Hopkins, Joel Kaufmann, Mike LeMaster, Philip Matern, Katie
Morrison-Graham, Jon Runyeon, 2019-09-26 A version of the OpenStax text
  pogil cellular communication: Problem-based Learning Dorothy H. Evensen, Cindy E.
Hmelo, Cindy E. Hmelo-Silver, 2000-01-01 This volume collects recent studies conducted within the
area of medical education that investigate two of the critical components of problem-based
curricula--the group meeting and self-directed learning--and demonstrates that understanding these
complex phenomena is critical to the operation of this innovative curriculum. It is the editors'
contention that it is these components of problem-based learning that connect the initiating problem
with the process of effective learning. Revealing how this occurs is the task taken on by researchers
contributing to this volume. The studies include use of self-reports, interviews, observations, verbal
protocols, and micro-analysis to find ways into the psychological processes and sociological contexts



that constitute the world of problem-based learning.
  pogil cellular communication: Signal Transduction in Plants P. Aducci, 1997 The
molecular aspects of recognition and transduction of different kinds of signals is a research area that
is spawning increasing interest world-wide. Major advances have been made in animal systems but
recently plants too, have become particularly attractive because of their promising role in
biotechnology. The type of signals peculiar to the plant world and the similarity of plant transduction
pathways investigated thus far to their animal counterparts are prompting more and more studies in
this modern area of cell biology. The present book provides a comprehensive survey of all aspects of
the recognition and transduction of plant signals of both chemical and physical origin such as
hormones, light, toxins and elicitors. The contributing authors are drawn from diverse areas of plant
physiology and plant molecular biology and present here different approaches to studying the
recognition and transduction of different signals which specifically trigger molecular processes in
plants. Recent advances in the field are reviewed, providing the reader with the current state of
knowledge as well as insight into research perspectives and future developments. The book should
interest a wide audience that includes not only researchers, advanced students, and teachers of
plant biology, biochemistry and agriculture, but it has also significant implications for people
working in related fields of animal systems.
  pogil cellular communication: The Eukaryotic Cell Cycle J. A. Bryant, Dennis Francis, 2008
Written by respected researchers, this is an excellent account of the eukaryotic cell cycle that is
suitable for graduate and postdoctoral researchers. It discusses important experiments, organisms
of interest and research findings connected to the different stages of the cycle and the components
involved.
  pogil cellular communication: How People Learn National Research Council, Division of
Behavioral and Social Sciences and Education, Board on Behavioral, Cognitive, and Sensory
Sciences, Committee on Developments in the Science of Learning with additional material from the
Committee on Learning Research and Educational Practice, 2000-08-11 First released in the Spring
of 1999, How People Learn has been expanded to show how the theories and insights from the
original book can translate into actions and practice, now making a real connection between
classroom activities and learning behavior. This edition includes far-reaching suggestions for
research that could increase the impact that classroom teaching has on actual learning. Like the
original edition, this book offers exciting new research about the mind and the brain that provides
answers to a number of compelling questions. When do infants begin to learn? How do experts learn
and how is this different from non-experts? What can teachers and schools do-with curricula,
classroom settings, and teaching methodsâ€to help children learn most effectively? New evidence
from many branches of science has significantly added to our understanding of what it means to
know, from the neural processes that occur during learning to the influence of culture on what
people see and absorb. How People Learn examines these findings and their implications for what
we teach, how we teach it, and how we assess what our children learn. The book uses exemplary
teaching to illustrate how approaches based on what we now know result in in-depth learning. This
new knowledge calls into question concepts and practices firmly entrenched in our current
education system. Topics include: How learning actually changes the physical structure of the brain.
How existing knowledge affects what people notice and how they learn. What the thought processes
of experts tell us about how to teach. The amazing learning potential of infants. The relationship of
classroom learning and everyday settings of community and workplace. Learning needs and
opportunities for teachers. A realistic look at the role of technology in education.
  pogil cellular communication: Assessing and Improving Value in Cancer Care Institute of
Medicine, Board on Health Care Services, National Cancer Policy Forum, 2009-11-30 Unlike many
other areas in health care, the practice of oncology presents unique challenges that make assessing
and improving value especially complex. First, patients and professionals feel a well-justified sense
of urgency to treat for cure, and if cure is not possible, to extend life and reduce the burden of
disease. Second, treatments are often both life sparing and highly toxic. Third, distinctive payment



structures for cancer medicines are intertwined with practice. Fourth, providers often face
tremendous pressure to apply the newest technologies to patients who fail to respond to established
treatments, even when the evidence supporting those technologies is incomplete or uncertain, and
providers may be reluctant to stop toxic treatments and move to palliation, even at the end of life.
Finally, the newest and most novel treatments in oncology are among the most costly in medicine.
This volume summarizes the results of a workshop that addressed these issues from multiple
perspectives, including those of patients and patient advocates, providers, insurers, health care
researchers, federal agencies, and industry. Its broad goal was to describe value in oncology in a
complete and nuanced way, to better inform decisions regarding developing, evaluating, prescribing,
and paying for cancer therapeutics.
  pogil cellular communication: Principles of Biology Lisa Bartee, Walter Shiner, Catherine
Creech, 2017 The Principles of Biology sequence (BI 211, 212 and 213) introduces biology as a
scientific discipline for students planning to major in biology and other science disciplines.
Laboratories and classroom activities introduce techniques used to study biological processes and
provide opportunities for students to develop their ability to conduct research.
  pogil cellular communication: Discipline-Based Education Research National Research
Council, Division of Behavioral and Social Sciences and Education, Board on Science Education,
Committee on the Status, Contributions, and Future Directions of Discipline-Based Education
Research, 2012-08-27 The National Science Foundation funded a synthesis study on the status,
contributions, and future direction of discipline-based education research (DBER) in physics,
biological sciences, geosciences, and chemistry. DBER combines knowledge of teaching and learning
with deep knowledge of discipline-specific science content. It describes the discipline-specific
difficulties learners face and the specialized intellectual and instructional resources that can
facilitate student understanding. Discipline-Based Education Research is based on a 30-month study
built on two workshops held in 2008 to explore evidence on promising practices in undergraduate
science, technology, engineering, and mathematics (STEM) education. This book asks questions that
are essential to advancing DBER and broadening its impact on undergraduate science teaching and
learning. The book provides empirical research on undergraduate teaching and learning in the
sciences, explores the extent to which this research currently influences undergraduate instruction,
and identifies the intellectual and material resources required to further develop DBER.
Discipline-Based Education Research provides guidance for future DBER research. In addition, the
findings and recommendations of this report may invite, if not assist, post-secondary institutions to
increase interest and research activity in DBER and improve its quality and usefulness across all
natural science disciples, as well as guide instruction and assessment across natural science courses
to improve student learning. The book brings greater focus to issues of student attrition in the
natural sciences that are related to the quality of instruction. Discipline-Based Education Research
will be of interest to educators, policy makers, researchers, scholars, decision makers in universities,
government agencies, curriculum developers, research sponsors, and education advocacy groups.
  pogil cellular communication: POGIL Activities for High School Chemistry High School
POGIL Initiative, 2012
  pogil cellular communication: EBOOK: Foundations of Problem-based Learning Maggi Savin
Baden, Claire Howell Major, 2004-08-16 “This book closes a gap in the PBL literature. It is a
thoroughly researched, well documented and engagingly written three part harmony addressing
conceptual frames, recurring themes, and broadening horizons. An essential addition to your
library.” Professor Karl A. Smith, University of Minnesota “…a comprehensive guide for those new to
PBL, and suitable for those new to teaching or for the more experienced looking for a new
challenge.” Dr Liz Beaty, Director (Learning and Teaching), HEFCE “This book vividly articulates
the key ideas of PBL and provides new PBL practitioners with key guiding posts for its
implementation. It is an excellent contribution to the art of using PBL.” Associate Professor
Oon-Seng Tan, Nanyang Technological University, Singapore ·What is problem-based learning? ·How
can it be used in teaching? · How does problem-based learning affect staff and students? · How do



we assess and evaluate it? Despite the growth in the use of problem-based learning since it was first
popularised, there have been no resources to examine the foundations of the approach and offer
straightforward guidance to those wishing to explore, understand, and implement it. This book
describes the theoretical foundations of problem-based learning and is a practical source for staff
wanting to implement it. The book is designed as a text that not only explores the foundations of
problem-based learning but also answers many of the frequently-asked questions about its use. It
has also been designed to develops the reader's understanding beyond implementation, including
issues such as academic development, cultural, diversity, assessment, evaluation and curricular
models of problem-based learning. Foundations of Problem-based Learning is a vital resource for
lecturers in all disciplines who want to understand problem-based learning and implement it
effectively in their teaching.
  pogil cellular communication: The Language of Science Education William F. McComas,
2013-12-30 The Language of Science Education: An Expanded Glossary of Key Terms and Concepts
in Science Teaching and Learning is written expressly for science education professionals and
students of science education to provide the foundation for a shared vocabulary of the field of
science teaching and learning. Science education is a part of education studies but has developed a
unique vocabulary that is occasionally at odds with the ways some terms are commonly used both in
the field of education and in general conversation. Therefore, understanding the specific way that
terms are used within science education is vital for those who wish to understand the existing
literature or make contributions to it. The Language of Science Education provides definitions for
100 unique terms, but when considering the related terms that are also defined as they relate to the
targeted words, almost 150 words are represented in the book. For instance, “laboratory
instruction” is accompanied by definitions for openness, wet lab, dry lab, virtual lab and cookbook
lab. Each key term is defined both with a short entry designed to provide immediate access following
by a more extensive discussion, with extensive references and examples where appropriate.
Experienced readers will recognize the majority of terms included, but the developing discipline of
science education demands the consideration of new words. For example, the term blended science
is offered as a better descriptor for interdisciplinary science and make a distinction between
project-based and problem-based instruction. Even a definition for science education is included.
The Language of Science Education is designed as a reference book but many readers may find it
useful and enlightening to read it as if it were a series of very short stories.
  pogil cellular communication: Teach Better, Save Time, and Have More Fun Penny J.
Beuning, Dave Z. Besson, Scott A. Snyder, Ingrid DeVries Salgado, 2014-12-15 A must-read for
beginning faculty at research universities.
  pogil cellular communication: Organic Chemistry Suzanne M. Ruder, The POGIL Project,
2015-12-29 ORGANIC CHEMISTRY
  pogil cellular communication: Phys21 American Physical Society, American Association of
Physics Teachers, 2016-10-14 A report by the Joint Task Force on Undergraduate Physics Programs
  pogil cellular communication: Synthesis and Technique in Inorganic Chemistry Gregory S.
Girolami, Thomas B. Rauchfuss, Robert J. Angelici, 1999 Previously by Angelici, this laboratory
manual for an upper-level undergraduate or graduate course in inorganic synthesis has for many
years been the standard in the field. In this newly revised third edition, the manual has been
extensively updated to reflect new developments in inorganic chemistry. Twenty-three experiments
are divided into five sections: solid state chemistry, main group chemistry, coordination chemistry,
organometallic chemistry, and bioinorganic chemistry. The included experiments are safe, have been
thoroughly tested to ensure reproducibility, are illustrative of modern issues in inorganic chemistry,
and are capable of being performed in one or two laboratory periods of three or four hours. Because
facilities vary from school to school, the authors have included a broad range of experiments to help
provide a meaningful course in almost any academic setting. Each clearly written & illustrated
experiment begins with an introduction that hig! hlights the theme of the experiment, often
including a discussion of a particular characterization method that will be used, followed by the



experimental procedure, a set of problems, a listing of suggested Independent Studies, and
literature references.
  pogil cellular communication: The Power of Problem-based Learning Barbara J. Duch,
Susan E. Groh, Deborah E. Allen, 2001-01-01 Problem-based learning is a powerful classroom
process, which uses real world problems to motivate students to identify and apply research
concepts and information, work collaboratively and communicate effectively. It is a strategy that
promotes life-long habits of learning.The University of Delaware is recognized internationally as a
center of excellence in the use and development of PBL. This book presents the cumulative
knowledge and practical experience acquired over nearly a decade of integrating PBL in courses in a
wide range of disciplines.This how to book for college and university faculty. It focuses on the
practical questions which anyone wishing to embark on PBL will want to know: Where do I
start????How do you find problems????What do I need to know about managing groups????How do
you grade in a PBL course?The book opens by outlining how the PBL program was developed at the
University of Delaware--covering such issues as faculty mentoring and institutional support--to offer
a model for implementation for other institutions.The authors then address the practical questions
involved in course transformation and planning for effective problem-based instruction, including
writing problems, using the Internet, strategies for using groups, the use of peer tutors and
assessment. They conclude with case studies from a variety of disciplines, including biochemistry,
pre-law, physics, nursing, chemistry, political science and teacher educationThis introduction for
faculty, department chairs and faculty developers will assist them to successfully harness this
powerful process to improve learning outcomes.
  pogil cellular communication: Medical Microbiology Illustrated S. H. Gillespie,
2014-06-28 Medical Microbiology Illustrated presents a detailed description of epidemiology, and
the biology of micro-organisms. It discusses the pathogenicity and virulence of microbial agents. It
addresses the intrinsic susceptibility or immunity to antimicrobial agents. Some of the topics
covered in the book are the types of gram-positive cocci; diverse group of aerobic gram-positive
bacilli; classification and clinical importance of erysipelothrix rhusiopathiae; pathogenesis of
mycobacterial infection; classification of parasitic infections which manifest with fever; collection of
blood for culture and control of substances hazardous to health. The classification and clinical
importance of neisseriaceae is fully covered. The definition and pathogenicity of haemophilus are
discussed in detail. The text describes in depth the classification and clinical importance of spiral
bacteria. The isolation and identification of fungi are completely presented. A chapter is devoted to
the laboratory and serological diagnosis of systemic fungal infections. The book can provide useful
information to microbiologists, physicians, laboratory scientists, students, and researchers.
  pogil cellular communication: Concepts of Biology Samantha Fowler, Rebecca Roush,
James Wise, 2023-05-12 Black & white print. Concepts of Biology is designed for the typical
introductory biology course for nonmajors, covering standard scope and sequence requirements. The
text includes interesting applications and conveys the major themes of biology, with content that is
meaningful and easy to understand. The book is designed to demonstrate biology concepts and to
promote scientific literacy.
  pogil cellular communication: Scientific Teaching Jo Handelsman, Sarah Miller, Christine
Pfund, 2007 Seasoned classroom veterans, pre-tenured faculty, and neophyte teaching assistants
alike will find this book invaluable. HHMI Professor Jo Handelsman and her colleagues at the
Wisconsin Program for Scientific Teaching (WPST) have distilled key findings from education,
learning, and cognitive psychology and translated them into six chapters of digestible research
points and practical classroom examples. The recommendations have been tried and tested in the
National Academies Summer Institute on Undergraduate Education in Biology and through the
WPST. Scientific Teaching is not a prescription for better teaching. Rather, it encourages the reader
to approach teaching in a way that captures the spirit and rigor of scientific research and to
contribute to transforming how students learn science.
  pogil cellular communication: Nontraditional Careers for Chemists Lisa M. Balbes, 2007 A



Chemistry background prepares you for much more than just a laboratory career. The broad science
education, analytical thinking, research methods, and other skills learned are of value to a wide
variety of types of employers, and essential for a plethora of types of positions. Those who are
interested in chemistry tend to have some similar personality traits and characteristics. By
understanding your own personal values and interests, you can make informed decisions about what
career paths to explore, and identify positions that match your needs. By expanding your options for
not only what you will do, but also the environment in which you will do it, you can vastly increase
the available employment opportunities, and increase the likelihood of finding enjoyable and
lucrative employment. Each chapter in this book provides background information on a
nontraditional field, including typical tasks, education or training requirements, and personal
characteristics that make for a successful career in that field. Each chapter also contains detailed
profiles of several chemists working in that field. The reader gets a true sense of what these people
do on a daily basis, what in their background prepared them to move into this field, and what skills,
personality, and knowledge are required to make a success of a career in this new field. Advice for
people interested in moving into the field, and predictions for the future of that career, are also
included from each person profiled. Career fields profiled include communication, chemical
information, patents, sales and marketing, business development, regulatory affairs, public policy,
safety, human resources, computers, and several others. Taken together, the career descriptions and
real case histories provide a complete picture of each nontraditional career path, as well as valuable
advice about how career transitions can be planned and successfully achieved by any chemist.
  pogil cellular communication: Primer on Molecular Genetics , 1992 An introduction to basic
principles of molecular genetics pertaining to the Genome Project.
  pogil cellular communication: Learner-Centered Teaching Maryellen Weimer, 2008-05-02
In this much needed resource, Maryellen Weimer-one of the nation's most highly regarded
authorities on effective college teaching-offers a comprehensive work on the topic of
learner-centered teaching in the college and university classroom. As the author explains,
learner-centered teaching focuses attention on what the student is learning, how the student is
learning, the conditions under which the student is learning, whether the student is retaining and
applying the learning, and how current learning positions the student for future learning. To help
educators accomplish the goals of learner-centered teaching, this important book presents the
meaning, practice, and ramifications of the learner-centered approach, and how this approach
transforms the college classroom environment. Learner-Centered Teaching shows how to tie
teaching and curriculum to the process and objectives of learning rather than to the content delivery
alone.
  pogil cellular communication: BIO2010 National Research Council, Division on Earth and Life
Studies, Board on Life Sciences, Committee on Undergraduate Biology Education to Prepare
Research Scientists for the 21st Century, 2003-02-13 Biological sciences have been revolutionized,
not only in the way research is conductedâ€with the introduction of techniques such as recombinant
DNA and digital technologyâ€but also in how research findings are communicated among
professionals and to the public. Yet, the undergraduate programs that train biology researchers
remain much the same as they were before these fundamental changes came on the scene. This new
volume provides a blueprint for bringing undergraduate biology education up to the speed of today's
research fast track. It includes recommendations for teaching the next generation of life science
investigators, through: Building a strong interdisciplinary curriculum that includes physical science,
information technology, and mathematics. Eliminating the administrative and financial barriers to
cross-departmental collaboration. Evaluating the impact of medical college admissions testing on
undergraduate biology education. Creating early opportunities for independent research. Designing
meaningful laboratory experiences into the curriculum. The committee presents a dozen brief case
studies of exemplary programs at leading institutions and lists many resources for biology educators.
This volume will be important to biology faculty, administrators, practitioners, professional societies,
research and education funders, and the biotechnology industry.



  pogil cellular communication: Chemistry Student Success Oluwatobi O. Odeleye, 2020
  pogil cellular communication: Tools of Chemistry Education Research Diane M. Bunce, Renèe
S. Cole, 2015-02-05 A companion to 'Nuts and Bolts of Chemical Education Research', 'Tools of
Chemistry Education Research' provides a continuation of the dialogue regarding chemistry
education research.
  pogil cellular communication: POGIL Activities for Introductory Anatomy and
Physiology Courses Murray Jensen, Anne Loyle, Allison Mattheis, The POGIL Project, 2014-08-25
This book is a collection of fifteen POGIL activities for entry level anatomy and physiology students.
The collection is not comprehensive: it does not have activities for every body system, but what we
do offer is a good first step to introducing POGIL to your students. There are some easy and short
activities (Levels of Organization) and others that are more difficult (Determinants of Blood Oxygen
Content).
  pogil cellular communication: Concepts in Biochemistry Rodney F. Boyer, 1998 Rodney
Boyer's text gives students a modern view of biochemistry. He utilizes a contemporary approach
organized around the theme of nucleic acids as central molecules of biochemistry, with other
biomolecules and biological processes treated as direct or indirect products of the nucleic acids.The
topical coverage usually provided in current biochemistry courses is all present - only the sense of
focus and balance of coverage has been modified. The result is a text of exceptional relevance for
students in allied-health fields, agricultural studies, and related disciplines.
  pogil cellular communication: Glial Physiology and Pathophysiology Alexei Verkhratsky,
Arthur Butt, 2013-04-15 Glial Physiology and Pathophysiology provides a comprehensive, advanced
text on the biology and pathology of glial cells. Coverage includes: the morphology and
interrelationships between glial cells and neurones in different parts of the nervous systems the
cellular physiology of the different kinds of glial cells the mechanisms of intra- and inter-cellular
signalling in glial networks the mechanisms of glial-neuronal communications the role of glial cells
in synaptic plasticity, neuronal survival and development of nervous system the cellular and
molecular mechanisms of metabolic neuronal-glial interactions the role of glia in nervous system
pathology, including pathology of glial cells and associated diseases - for example, multiple sclerosis,
Alzheimer's, Alexander disease and Parkinson's Neuroglia oversee the birth and development of
neurones, the establishment of interneuronal connections (the 'connectome'), the maintenance and
removal of these inter-neuronal connections, writing of the nervous system components, adult
neurogenesis, the energetics of nervous tissue, metabolism of neurotransmitters, regulation of ion
composition of the interstitial space and many, many more homeostatic functions. This book primes
the reader towards the notion that nervous tissue is not divided into more important and less
important cells. The nervous tissue functions because of the coherent and concerted action of many
different cell types, each contributing to an ultimate output. This reaches its zenith in humans, with
the creation of thoughts, underlying acquisition of knowledge, its analysis and synthesis, and
contemplating the Universe and our place in it. An up-to-date and fully referenced text on the most
numerous cells in the human brain Detailed coverage of the morphology and interrelationships
between glial cells and neurones in different parts of the nervous system Describes the role of glial
cells in neuropathology Focus boxes highlight key points and summarise important facts Companion
website with downloadable figures and slides
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